A collection of 105 strains of actinomycetes isolated from the soils of Riyadh, Saudi Arabia were evaluated for their ability to inhibit plant pathogenic Fusarium oxysporum, Alternaria alternata, Aspergillus niger, and Aspergillus flavus in vitro. About 61.90% isolates were able to inhibit the growth of A. alternata, followed by 61.8, 52.24 and 50.9% inhibiting A. flavus, F. oxysporum and A. niger respectively. Subsequently, these isolates were tested for their ability to control Alternaria blight on tomato plant (Lycopersicon lycopersicum) grown in sterilized peat moss soil. Broth and crude extract of all except, DS-8(32), DS-6(48) and DS-6(33) isolates of actinomycetes have shown effect on plant disease severity. Over all analysis of data showed that strain AS-2(29) was the most effective isolate. Broth and crude extract of this strain had shown maximum zone of inhibition against F. oxysporum (11 and 18 mm respectively) and A. alternata (15 and 17 mm respectively). Plants treated with this strain were healthy and green and only a few older leaves showed the blight symptom and growth was found at par with control plants. However, strain DS-6(33) has not shown any antifungal activity and plants succumbed to infection of A. alternata, whereas, broth of DS-8(24) and DS-1(23) showed strong antifungal activity against A. alternata (20 and 19 mm zone of inhibition). However, crude extract of these strains has not shown any antifungal activity and plants treated with these strains were healthy and only older leaves were blighted. Extract but not broth of DS-1(20) showed strong antifungal activity against F. oxysporum and A. alternata (15 and 16 mm respectively) and the growth of the plant was similar to that of the control plants in pot trial strains varied in their antifungal activity against one or both plant pathogenic fungi. Based on the cultural, morphological and physiological characteristics, most of the strains were identified as the different isolates of the genus Streptomyces. In the further study, Streptomyces species as biological control agents would be offered a much needed alternative to the use of synthetic agrochemicals.
INTRODUCTION
Fungal phytopathogens pose serious problems worldwide in the cultivation of economically important plants. Fusarium oxysporum, Alternaria alternata, Aspergillus *Corresponding author. E-mail: ismetara@yahoo.com. Tel: +966 1478 9585 ext. 1639, +966534509242.
niger and Aspergillus flavus are responsible for plant diseases such as alternaria blight, fusarium wilt and fruit rot. Chemical fungicides are extensively currently used in agriculture. However, excessive use of chemical fungicides in agriculture has led to deteriorating human health, environmental pollution and the development of pathogen resistance to fungicide. Because of the worsening problems in fungal disease control, a serious search is needed to identify alternative methods for plant protection, which are less dependent on chemicals and are more environmentally friendly. Microbial antagonists are widely used for the biocontrol of fungal plant diseases.
Actinomycetes are among the most widely distributed group of micro-organisms in nature. They are found abundantly in cultivated and uncultivated soils in various regions throughout the world (Goodfellow and Simpson, 1987; Goodfellow and Williams, 1983) . Actinomycetes are an important group of filamentous, gram-positive bacteria producing antibiotics of agricultural and medicinal importance. Besides the enormous numbers of agroactive metabolites produced by actinomycetes (Tanaka and Omura, 1993) , they also play an important role in agriculture as biocontrol agents. Antagonism against an extensive variety of plant pathogens has been reported (Bressan, 2003; Chamberlain and Crawford, 1999; Doumbou et al., 2002; Tahvonen and Avikainen, 1987; Yuan and Crawford, 1995) . Many species of actinomycetes, particularly, those belonging to the genus Streptomyces, are well known as antifungal biocontrol agents that inhibit several plant pathogenic fungi (Errakhi et al., 2007; Joo, 2005; Xiao et al., 2002) .
The antagonistic activity of actinomycetes to fungal pathogens is usually related to the production of antifungal compounds (Getha and Vikineswary, 2002; Ouhdouch et al., 2001; Trejo-Estrada et al., 1998) and extracellular hydrolytic enzymes (Mukherjee and Sen, 2006; Prapagdee, 2008; Valois et al., 1996) . Chitinase and β-1,3-glucanase are considered to be important hydrolytic enzymes in the lysis of fungal cell walls, for example, cell walls of F. oxysporum, Sclerotinia minor, and Sclerotium rolfsii (El-Katatny et al., 2001; Singh et al.,1999) .
The control of plant diseases is an urgent need for sustainable agriculture. The application of agrochemicals for this purpose is still an important method in agricultural practices, though it still has some problems, such as environmental pollution and the detrimental effects on non-target organisms. They produced the natural antibiotics within the microhabitat of the rhizosphere being less polluting and less stressful on indigenous microbes as compared with chemical fungicides. They also have the ability to colonize plant root surfaces protecting the plant from pressure of plant pathogens. These biological control agents compete for nutrients and space with plant pathogens; they also synthesize extracellular enzymes that attack the phytopathogenic fungal cell walls and have the ability to produce descant resistant spores to survive under water deficiency. All the properties exhibited by actinomycetes, especially, those that belonging to the genus, Streptomyces as biological control agents of fungal phytopathogens, not only give us a better understanding of their environmental and ecological benefits, but also in their impact as an attractive alternative for use in agriculture.
Though all over the world, actinomycetes has been Ara et al. 2043 reported as an important biocontrol agent, however, in the control of tomato plant pathogen, A. alternata has not been explored in details in the Kingdom of Saudi Arabia; thus, it will be the preliminary study of its kind in Saudi Arabia.
The study was carried out to evaluate the antifungal activity of some actinomycetes isolated from the soil of Saudi Arabia. So that actinomycetes showing antagonistic activity can be utilized in the development of alternative methods for plant protection, which can be less dependent on chemicals and more environmentally friendly.
MATERIALS AND METHODS

Fungal strains and culture conditions
The fungal pathogens F. oxysporum, A. alternata, A. flavus and A. niger were isolated and obtained from the Department of Botany and Microbiology, K.S.U. The procured fungi were grown on potato dextrose agar (PDA) plates and incubated at 28°C for 4 to 6 days. Stock cultures of test fungi were maintained on PDA slants and stored at 4°C.
Isolation of actinomycetes from the soil of Saudi Arabia
Soil samples were collected from different areas of Riyadh, Saudi Arabia and actinomycetes isolated by a modified standard dilution technique on different agar media (Ismet, 2003) .
Cultural, morphological, physiological and biochemical characteristics
Cultural characteristics such as color of aerial mycelium, color of substrate mycelium and pigmentation of the selected actinomycete isolates were recorded according to Shirling and Gottlieb (1966) on yeast extract-soluble starch (YS) agar medium (yeast extract, 10 g; soluble starch, 10 g and agar, 18 g; pH, 7.3). Micromorphology of the actinomycete isolates were examined by slide culture method (Williams and Cross, 1971) . The utilization pattern of carbon sources by the strains was carried out according to the methods of Gottlieb (1961) since it can be used as an aid for species determination (Pridham and Gottlieb, 1948) . The ability of the isolates to produce different enzymes was examined by using standard methods (Holding and Collee, 1971) . Tolerance of the strains to NaCl concentration was also evaluated (Tresner et al., 1968) . The actinomycete strains were tested for their ability to produce H2S, indole and melanin pigments (Holding and Collee, 1971) .
Production of antifungal metabolites
The secondary metabolites produced by the actinomycete isolates were extracted by the method of Ismet (2003) and Ellaiah et al. (2005) . Pure culture of the strains was transferred aseptically and individually into the seed fermentation medium (SGY broth, soluble starch, 10 g; glucose, 10 g; glycerol, 10 g; corn flour, 2.5 g; peptone, 5 g; yeast extract, 2 g; CaCO3, 3.0 g and distilled water 1 L and pH, 7.3) (Ismet, 2003; Ismet et al., 2002; Vikineswary et al., 2003) . After 72 h of incubation, the seed culture at a rate of 10% was inoculated into the production medium of the same composition as seed medium. The small scale fermentation in 250 ml flask was carried out at 28 ± 2°C for 1 week under agitation at 250 rpm. At every 24 h interval, the flasks were harvested and the biomass was separated from the broth. The dry weight of the biomass was recorded and expressed in mg/100 ml. The culture filtrates were extracted twice with methanol and the pooled solvent extracts were evaporated to dryness in a 40°C drying incubator to yield a crude residue. For the extraction of secondary metabolites, similar protocol was followed for all the isolates. The residue was then dissolved in sterile distilled water and the extracts thus, obtained were used for antifungal activity against the test fungi such as A. alternata and F. oxysporum by using agar well diffusion method (Cappuccino and Sherman, 2004) . For the growth of test fungi and screening, Sabouraud Dextrose agar (SDA) medium was used. The methanolic extracts dissolved in sterile distilled water were added to each well using water as a negative control. The SDA plates were incubated at 30°C for 48 to 72 h and the diameter of the inhibition zones of the test fungi around each well was measured.
For the morphological and biochemical characterization, the actinomycete isolate were incubated on YS agar medium at 30°C for 7 days. The mycelium structure and arrangement of spore on the mycelium were examined under the scanning electron microscope. Different biochemical tests were performed for the identification of various actinomycetes isolates. For SEM, the agar blocks containing the organisms (cultivated on water agar medium for 21 days at 30°C) were fixed with the vapor of 1% osmium tetroxide, then used serial dehydration in ethanol series (50 to 100%) and dried samples were sputter coated with gold and viewed with scanning electron microscope (SEM, JEOL, JSM, 6060 LV) (modified method from Ismet, 2003) . Scanning electron microscopic analysis was carried out in the Central Laboratory, King Saud University, Riyadh, Saudi Arabia.
Screening of actinomycetes isolated from the soil for the antagonistic activity against phytopathogenic fungi under invitro condition
All isolates were screened for their antagonism against test phytopathogenic fungi according to the modified cross plug method mentioned by Crawford et al. (1993) ; Ismet (2003) and Ismet et al. (2003 Ismet et al. ( , 2004 .
Assessment of antifungal activity of metabolites of actinomycetes against phytopathogenic fungi
The antifungal activity of metabolites of actinomycetes against phytopathogenic fungi was evaluated by the standard agar well diffusion method (Ismet, 2003) .
Preparation for extraction of bioactive secondary metabolites
The whole culture broth of actinomycetes was used and added a solvent methanol (1: 1) and incubated at room temperature in a shaker for 3 days. The mixture of broth and solvent were filtered and evaporated to dryness by using 40°C dryer incubator and then stored at 4°C for further analysis. The culture filtrates and crude extracts were collected from the whole culture broth of the selected strains and were tested antifungal activity against F. oxysporum, A. alternata. Extract of selected actinomycetes were evaluated for its antifungal activity by the modified agar well diffusion method (Ismet, 2003) .
Determination of bioefficacy of selected actinomycetes against phytopathogenic fungi in pot condition
Bioefficacy of the selected actinomycetes was determined against phytopathogenic fungus in pot conditions and pot trial method as described by Perveen et al. (2007) with slight modification was used. Pots of 9 cm (diameter) were surface sterilized with 1% sodium hypochlorite and filled with 100 g mixture of autoclaved peat moss soil and sand (5: 1). Single seedling (about 28 days old) of tomato plant grown in sterilized soil was transplanted in each pot.
Four plates of A. alternata culture grown on PDA was scrapped and mixed in 300 ml sterilized distilled water. 10 ml from the stock of A. alternata was added in each pot and 5 ml of this was poured around the plant by removing the soil whereas, 5 ml was poured over the leaves of seedling. Later, 10 ml whole culture broth of actinomycetes isolates (incubated for 2 weeks) was poured on the soil and leaves in the same way as mentioned previously for fungus and was covered with the soil. For each treatment, three replicates were maintained. Plants were inoculated with 10 ml sterilized distil water and plants inoculated with only A. alternata served as uninoculated and inoculated controls respectively. Pots were arranged in glass house on a rack. Plants were watered with sterile water as required. Plants were observed daily to record symptoms and growth for over one month. After one month, plants were uprooted and plant height, plant fresh weight were recorded. All plants were evaluated for infection of A. alternata on a scale from 0 to 4 where 0 = symptom less, 1 = up to 25% plant infected (small lesions), 2 = 25 to 50% plant infected (large lesions/blighted) 3 = 50 to 75% plant blighted, 4 = 75 to100% plant blighted.
Statistical analysis
Experiments will be performed in triplicate. The arithmetic mean, standard deviation of the mean (SD) of control and experimental results will be calculated using the Student's t-test. P < 0.05 was considered statistically significant. ANOVA analysis was done with the SPSS statistics software.
RESULTS AND DISCUSSION
Our continuous search for new antifungal metabolites from the rhizosphere soil samples of Riyadh region led to the selective isolation of predominant actinomycete strains. A collection of 105 strains of actinomycetes were selected from soils in Riyadh, Saudi Arabia and were evaluated for their ability to inhibit plant pathogenic. F. oxysporum, A. alternata, A. niger and A. flavus in vitro are presented in Figures 1, 2 and 3 . It was found that some isolates have the ability to inhibit the growth of one or all tested fungi. Out of the total, 61.90% isolates were able to inhibit the growth of A. alternata, followed by 61.8, 52.24 and 50.9% of A. flavus, F. oxysporum and A. niger respectively (Figure 1 ). Of all the tested fungi, A. alternata was highly sensitive to the most of the isolates used in preliminary screening using a cross plug assay (Figures 1 and 2) . Aerial mycelium was white, light grey white to dark grey white for most of the potent strains while the colour of the substrate mycelium appeared brown to light cream yellow (Table 1) . Rizk et al. (2007) reported grey and white colour series of actinomycetes as the dominant forms in the soil as compared to yellow, red, violet and green ones. Different colour series of actinomycetes were recorded in soil (Ndonde and Semu, 2000) .
The metabolites collected from the strains and the data of antifungal activity of broth and crude extract of twelve isolates having the greatest pathogen-inhibitory capabilities are presented in Table 1 . It shows that broth and crude extract of all except DS-8(32), DS-6(48) and DS-6(33) isolates of actinomycetes have shown antifungal activity against one or both plant pathogenic fungi ( Figure   3 ). Broth and crude extract of strain AS-2(29) has shown maximum zone of inhibition against F. oxysporum (11 and 18 mm respectively) and A. alternata (15 and 17 mm respectively) ( Figure 3) . Whereas, broth of DS-8(24) and DS-1(23) showed strong antifungal activity against A. alternata (20 and 19 mm zone of inhibition), however, crude crude extract of these strains have not shown any antifungal activity (Figure 3) . Whereas, broth of DS-8(24) and DS-1(23) had shown strong antifungal activity against A. alternata (20 and 19 mm zone of inhibition), however, crude extract of these strains has not shown any antifungal activity (Figure 3 ). Based on the cultural, morphological and physiological characteristics, most of these strains were assigned to the family of Streptomycetaceae and the genus, Streptomyces (Pridham et al., 1958; Williams et al., 1983) (Table  2 and Figure 4 ). By far, streptomycetes are the most abundant culturable actinomycete (Lee and Hwang, 2002) . The genus, Streptomyces belongs to the family Streptomycetaceae, a unique family of the suborder, Streptomycineae. Streptomycetes grow as mycelia filaments in soil; their mature colonies may contain two types of mycelia, the substrate (vegetative) mycelium, and the aerial mycelium. Each has a different biological role (Hopwood, 1999) . Vegetative mycelia absorb nutrients and are composed of a dense and complex network of hyphae usually embedded in the soil or immobilize substrate. Once the cell culture becomes nutrient-limited, an aerial mycelium developed from the surface of the vegetative mycelium. The role of this type of mycelium is mainly reproductive; indeed, the aerial mycelium develops into spore chains at the matured stage in their life cycle (Hopwood, 1999) . In this study, both, reproductive and aerial mycelium along with clearly sporulation of some mesophilic Streptomyces strains is shown in Figure 4 .
The result of bioefficacy test of the selected twelve strains of actinomycetes on alternaria blight in pot condition presented in Table 3 shows that strains varied in their effect on plant disease severity. Plants treated with AS-2(29) strain were healthy, green, and only a few older leaves showed symptoms of blight and growth was found at par with the control plants ( Figure 5 ). However, strain DS-6(33) has not shown any antifungal activity and plants succumbed to infection. Maximum plant height, weight and minimum disease index was observed in the plants treated with AS-2(29) which was 13.9 cm, 3.8 and 0.58 g respectively and it was significantly (P<0.05) higher than the inoculated control (Table 3) . Plants treated with DS-1(23) did not show any significant (P<0.05) increase in plant weight (1.1 g) as compared to inoculated control (Table 3) . Shirling and Gottlieb (1966) also stated that actinomycetes are an enormous reservoir for antibiotics and bioactive metabolites of which most of them many are excellent biocontrol agents for use in protecting plants against phytopathogens.
Streptomycetes, along with other bacterial strains belonging to the Actinomycetales have the ability to colonize plant root surfaces (Kortemaa et al., 1994; Tokala et al., 2002) . Also, they have the capacity to synthesize extracellular enzymes that allow them to use recalcitrant organic compounds as energy sources and to degrade phytotoxin compounds (Goodfellow and Williams, 1983; Lewis and Starkey, 1969; McCarthy and Williams, 1992) . Streptomycetes have the ability to produce iron chelating compounds and siderophores that starve pathogens for iron (Tokala et al., 2002) .The ability to produce siderophores as a mechanism gives the biocontrol agent a competitive advantage in environments, such as rhizospheres where soluble iron is scarce (Mullen, 2004) . Although, thousands of antibiotics and bioactive metabolites have been described, these are thought to represent only a small fraction of the bioactive compounds produced by actinomycetes. In this study, we summarize the general characteristics and properties of actinomycetes as biocontrol agents. The mechanisms through which the biocontrol occurs in vitro and in vivo as well as, the impact of the phytopathogenic fungi in green house pot trial will be investigated in the near future.
Conclusion
The present study indicates the usefulness of whole culture broth and methanolic extract of the locally isolated actinomycetes especially, under the genus, Streptomyces for medicinal and biotechnological purposes. The further chemical investigation using GC-MS for the presence of antifungal metabolites might indicate its potentiality as a source of novel useful antifungal antibiotics for the local tomato seedlings and other plants in Saudi Arabia and worldwide.
